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$\lambda_{i,j}=4-\sigma h^{2}-\frac{2(4-\sigma h^{2})}{|4-\sigma h^{2}|}(\cos(i\pi h)+\cos(j\pi h))$ ,
$i,j=1,2,$ $\cdots,n$ , (5)
$[9]_{0}$ $\cos\theta=1-2\sin^{2}\frac{\theta}{2}$
$\lambda_{t,j}=4-\sigma h^{2}-\frac{2(4-\sigma h^{2})}{|4-\sigma h^{2}|}\{2-4(sn^{2}(\frac{i\pi h}{2})+sn^{2}(\frac{j\pi h}{2}))\}$ ,
$i,$ $j=1,2,$ $\cdots,$ $n$ (6)
$\frac{:\pi h}{2}=\frac{:\pi}{2\langle n+1)}<\frac{\pi}{2}(i=1,2, \cdots, n)$ , \mbox{\boldmath $\lambda$}i,j , $i,j$
( $9(a)$ ) $\tilde{u}_{i_{1}j}$
$\tilde{u}_{i,j}=\{4h^{2}\sin(i\pi kh)\sin(j\pi lh)\}_{k,\dagger=1}^{n}$ ,
$i,j=1,2,$ $\cdots,n$ (7)
Bi-CG $\text{ ^{}[2]}$ $k$ $R_{k}(\lambda)$ ,Rk $(\lambda)$ 3
\alpha k, $\beta_{k}$ Bi-CG
$R_{0}(\lambda)$ $=$ 1, (8)
$R_{1}(\lambda)$ $=$ $1-\alpha_{0}\lambda$ , (9)
$R_{k}(\lambda)$ $=$ $(1- \alpha_{k-1}\lambda+\frac{\alpha_{k-1}\beta_{k-2}}{\alpha_{k-2}})R_{k-1}(\lambda)-\frac{\alpha_{k-1}\beta_{k-2}}{\alpha_{k-2}}R_{k-2}(\lambda)$
$k=2,3,$ $\cdots$ (10)
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CGS $r_{k}^{CGS}$ , Bi-CG STAB $r_{k}^{STAB}$
$r_{k}^{CGS}=R$ $(A)R_{k}(A)r_{0}$ , (11)
$r_{k}^{STAB}=Q_{k}(A)R_{k}(A)r_{0}$ (12)
$r_{0}(=b-Ax_{0})$ Bi-CG STAB






$c_{i,j}$ $c_{i,j}=(\tilde{u}_{i,j}, r_{0})=(\tilde{u}_{1j}, b-Ax_{0})$
(11), (12) ,
$r_{k}^{CGS}= \sum_{i,j=1}^{n}C;,J^{R_{\text{ }}(\lambda_{i,j})R_{k}(\lambda_{i_{l}j})\tilde{u}_{1j}},$ , (15)
$r_{k}^{STAB}= \sum_{ij=1}^{n}c_{i,j}Q_{k}(\lambda_{jj})R_{k}(\lambda_{i.j})\tilde{u}_{i,j}$ (16)
Rl $\tilde{u}_{i,j}$ $r_{k}^{CGS}$ $r_{k}^{STAB}$
$||r_{k}^{CGS}||^{2}= \sum_{i,j=1}^{n}c_{j}^{2}\{R_{k}(\lambda_{i,j})\}^{4}$ , (17)
$||r_{k}^{STAB}||^{2}= \sum_{i,j=1}^{n}c_{i,j}^{2}\{Q_{k}(\lambda_{i,j})\}^{2}\{R_{k}(\lambda_{i,j})\}^{2}$ . (18)
$\alpha_{k}$
$\beta_{k}$
CGS Bi-CG STAB Helmholtz





100 $25^{2}$ 100 1
$\lambda$
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\mbox{\boldmath $\lambda$} $=\lambda_{i,j}(i, j=1,2, \cdots, n)$
8 $nxn$
i,j (6) i,j
9 Helmholtz $\sigma=300$ $A$
8 8





CGS Bi-CG STAB $10(a)$
$0$ (17) (18) $10(b)$
$\alpha_{k},$
$\beta_{k}$ 3 (8) $\sim(10)$ 10
Bi-CG STAB $10^{-16}$ CGS
10-10
$10(a)$ (b) $r_{k}$
(15),(16) $R_{k}^{CGS}(\lambda)$ $R_{\dot{k}}^{\neg}\backslash TAB(\lambda)$
(15),(16)
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(a) CGS $(R_{k}^{CG\underline{\backslash }}(\lambda,,j))^{2}$ ,
(b) Bi-CG $S’\Gamma AB$ $(R_{k}^{\wedge}\vee\backslash T\wedge B(\lambda_{i_{\iota}j}))^{2}$,
$(\dot{c})$ Bi-CG STAB $(Q\overline{\frac{\backslash }{\iota}}TA8(\lambda,J))^{2}$ ,
(d) CGS $(R_{k}^{CGS}(\lambda_{i1j}))^{\triangleleft}$ ,
(e) Bi-CG STAB $(Q^{\frac{c}{k}TAB}(\lambda_{\iota,j}))^{2}(R_{k}^{\backslash TAB}\vee^{-}(\lambda_{j;})\rangle^{2}$
5 $(R_{k}^{C\overline{t}i\overline{\underline{\backslash }}}(\lambda))^{?}$ $(R_{\overline{k}}^{\backslash TAB}(\lambda))^{2}\wedge$ 11 $(a)(b)$
, (QrTA’(\mbox{\boldmath $\lambda$}))’ $11(c)$ , $C(Ii_{k}^{CG\underline{\backslash }}(\lambda))^{\{}\sim$ $(Q_{k}^{STAB}(\lambda))^{2}(R_{k}^{-\sigma_{TAB}}(\lambda))^{2}$
11 $(d),(e)$
11 $(a),(b),(c)$ $(R_{k}^{CGS}(\lambda))^{2}$ $10^{-5}arrow 10^{-10}arrow 10^{-15}$
$arrow$ $arrow$ 11 $(d),(e)$
$(R_{k}^{CGS}(\lambda))^{s}$ $10^{-1t’t}arrow 10^{-20}arrow 10^{-su}$
’
$arrow$ $arrow$
3 t$I 12 CGS (RcG8(\mbox{\boldmath $\lambda$}))4
Bi-CG STA $B$ $(Q_{\overline{k}}^{\wedge}\backslash TAB(\lambda))^{2}(R_{\check{k}}^{arrow}\backslash TAB(\lambda))^{2}$ ( $k\overline{\sim}101$ ) -r5i
CGS , Bi-CG STAB
CGS
Bi-CG STAB Bi-CG $S’I^{1}AB$








$R_{k}(\lambda)$ (10) 3 \mbox{\boldmath $\lambda$}
( $\lambda$ 1 )+( $R_{k-1}(\lambda)$ $R_{k-2}(\lambda)$ )
$R_{k}( \lambda)=(1-\alpha_{k-1}\lambda)R_{k-1}(\lambda)-\frac{\alpha_{k-1}\beta_{k-2}}{\alpha_{k-2}}(R_{k-1}(\lambda)+R_{k-2}(\lambda))$ (19)
Bi-CG STAB $Q_{k}(\lambda)$ \mbox{\boldmath $\lambda$} 1 $Q_{\text{ }-1}(\lambda)$
$Q_{k}(\lambda)=(1-\omega_{k}\lambda)Q_{k-1}(\lambda)$ (20)
Bi-CG STAB $Q_{k}(\lambda)$ 2 $(0,1)$ $( \frac{1}{w\iota}, 0)$ $(1-\omega_{k}\lambda)$
$(k-1)$ $Q_{k-1}(\lambda)$
$k$ $R_{k}(\lambda)$ 2 $(0,1)$ $( \frac{1}{\alpha_{k-1}},0)$ $(1-\alpha_{k-1}\lambda)$
$(k-1)$ $R_{k-1}(\lambda)$ $R_{k-1},R_{k-2}$
$\frac{1}{\alpha_{k-1 }}$ $\frac{1}{k}$ \mbox{\boldmath $\lambda$} 1 $R_{k-1}(\lambda)$ $Q_{k-1}(\lambda)$
$R_{k-1}(\lambda)$ $Q_{k-1}(\lambda)$ ( (19)
2 ) $\frac{2}{\alpha_{k-1}}$
\mbox{\boldmath $\lambda$} 1 Rk-l $(\lambda),$ $Q_{\text{ }-1}(\lambda)$ $R_{k-1}(\lambda),$ $Q_{k-1}(\lambda)$
13 $Q_{k}(\lambda)$
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14 \mbox{\boldmath $\lambda$}ma’ $\frac{2}{\alpha_{k-1}}\frac{2}{k}$
$14(a),(b),(c)$ \mbox{\boldmath $\lambda$}max$(=7.527)$ $\frac{2}{\alpha_{k-1}}\frac{2}{w_{k}}$ \mbox{\boldmath $\lambda$}
1 3




CGS Bi-CG STAB 15
3
$i$ . 1 $(k=1\sim k=32)$ Bi-CG STAB CGS
ii. 2 $(k=33\sim k=73)$ CGS
iii. 3 $(k=74\sim k=100)$ Bi-CG STAB CGS
$14(a),(b),(c)$ \mbox{\boldmath $\lambda$}max $\frac{2}{a_{k-1}}\frac{2}{\nu_{k}}$
27






3-1 $\alpha_{k-1},$ $\omega_{k}$ 3-2
\mbox{\boldmath $\lambda$}max $=7.527$ $\frac{2}{\alpha_{k-1}}\frac{2}{tt_{k}}$
3-2 3 $Bi- CG$ STAB $\frac{2}{\omega_{k}}>\lambda_{\max}$ \omega k
( * ) $14(a)$ \mbox{\boldmath $\lambda$} 1
4.3
CGS –\alpha k2-1 $>\lambda_{\max}$ \alpha k-l ( ) $\frac{2}{\alpha_{k-1}}<\lambda_{\max}$
\alpha k-l 3-1 3 $\alpha_{k-1}<0$
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1 $0$ $\epsilon$ $10^{-8}\cross 4h^{2},$ $h=$
$n^{2}=625$ 1 163
